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Abstract of EP1016850 

The rotary laser irradiating system (1) according 
to the present invention comprises a main unit 
(2), a rotator (3) rotatably mounted on said main 
unit (2), and a range-finding unit (4) disposed on 
said main unit (2), wherein said main unit (2) 
comprises a light emitting unit (5) for emitting a 
laser beam (80), optical means for directing said 
laser beam and a range-finding light (82) from 
said range-finding unit (4) toward said rotator (3), 
and tilt sensors (8) for detecting horizontality and 
verticality of a rotation axis of said rotator (3), 
said rotator (3) comprises deflecting means (19) 
for deflecting the laser beam and the range- 
finding light from said optical means and rotating 
position detecting means for detecting a rotating 
position of the rotator, and said rotating position 
detecting means being designed to project said 
laser beam and said range-finding light in a 
predetermined direction. 
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(54) Rotary laser irradiating system 

(57) The rotary laser Irradiating system (1) accord- 
ing to the present invention comprises a main unit (2), 
a rotator (3) rotatably mounted on said main unit (2), and 
a range-finding unit (4) disposed on said main unit (2), 
wherein said main unit (2) comprises a light emitting unit 
(5) for emitting a laser beam (80), optical means for di- 
recting said laser beam and a range-finding light (82) 
from said range-finding unit (4) toward said rotator (3), 
and tilt sensors (8) for detecting horizontality and verti- 
callty of a rotation axis of said rotator (3), said rotator (3) 
comprises deflecting means (19) for deflecting the laser 
beam and the range-finding light from said optical 
means and rotating position detecting means for detect- 
ing a rotating position of the rotator, and said rotating 
position detecting means being designed to project said 
laser beam and said range-finding light in a predeter- 
mined direction. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a rotary laser 
Irradiating system for forming a reference plane in works 
such as room Interior finishing work, partitioning work, 
etc., and in particular, to a rotary laser Irradiating system 
with a range-finding unit. 

[0002] In the process of room Interior finishing work, 
partitioning work, etc., marking operation is performed. 
In the conventional type marking operation, a method 
has been practiced. In this method, a horizontal refer- 
ence plane and a vertical reference plane or a horizontal 
reference line and a vertical reference line are formed 
by a rotary laser irradiating system. And points at pre- 
determined dimension are drawn using the horizontal 
reference plane and the vertical reference plane or the 
horizontal reference line and the vertical reference line. 
The rotary laser irradiating system comprises detecting 
means for detecting a horizontal plane and a vertical 
plane. 3y projecting a laser beam to the horizontal plane 
and the vertical plane by rotary irradiation, a laser ref- 
erence plane is formed. Further, by projecting the laser 
reference plane on a floor surface, a wall surface, etc., 
horizontal and vertical reference lines are formed. Then, 
the operator can perform final positioning based on the 
reference lines. 

[0003] The rotary laser irradiating system as de- 
scribed above basically indicates horizontal and vertical 
references and does not indicate a position where the 
points should be drawn. The use of a range finder may 
not always be required for simple measurement but it is 
necessary to draw points and perform positioning using 
at least means such as tape measure. In case horizontal 
and vertical planes are measured 3-dimensionally, a 
survey instrument capable to measure distance and an- 
gle may be required. This does not substantially solve 
such problems as the reduction of the number of oper- 
ators and the Improvement of working efficiency. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to com- 
bine a rotary laser irradiating system with a range-find- 
ing unit, and by finding a distance from the rotary laser 
irradiating system main unit, a distance between two 
points in a rotating direction is displayed. This contrib- 
utes to the reduction of the number of operators and to 
the Improvement of working efficiency. Further, by de- 
signing the range-finding unit as removable type, it is 
possible to provide the convenience in the handling of 
the system. 

[0005] To attain the above object, the rotary laser ir- 
radiating system according to the present Invention 
comprises a main unit, a rotator rotatably mounted on 
the main unit, and a range-finding unit disposed on the 
main unit, wherein the main unit comprises a light emit- 



ting unit for emitting a laser beam, optical means for di- 
recting the laser beam and a range-finding light from the 
range-finding unit toward the rotator, and tilt sensors for 
detecting horizontality and verticality of a rotation axis 
s of the rotator, the rotator comprises deflecting means for 
deflecting the laser beam and the range-finding light 
from the optical means and rotating position detecting 
means for detecting a rotating position of the rotator, and 
the rotating position detecting means being designed to 

10 project the laser beam and the range-finding light in a 
predetermined direction. Also, the present invention 
provides a rotary laser irradiating system as described 
above, wherein the tilt sensor comprises a tilt sensor for 
detecting horizontality of the rotation axis, and the rotat- 

15 ing position detecting means being designed to project 
the laser beam and the range-finding light to a plane 
including the rotation axis. Further, the present invention 
provides a rotary laser irradiating system as described 
above, wherein the deflecting means transmits a part of 

20 the laser beam and the range-finding light in parallel to 
the rotation axis of the rotator. Also, the present inven- 
tion provides a rotary laser irradiating system as de- 
scribed above, wherein the range-finding unit comprises 
means for modulating the range-finding light and syn- 

25 theslzes a range-finding data by modulating the range- 
finding light and transmits the data. Further, the present 
invention provides a rotary laser irradiating system as 
described above, wherein there is further provided an 
object reflector, the laser beam emitted from the light 

30 emitting unit is a visible light, the object reflector com- 
prises diffusion means for diffusing the laser beam from 
the deflection means to visually confirm the laser beam, 
photodetecting means for receiving the range-finding 
light from the deflecting means, reflection members for 

35 reflecting the range-finding light, a photodetection cir- 
cuit for detecting a range-finding data from the range- 
finding light based on a signal from the photodetecting 
means, and a display unit for displaying the range-find- 
ing data. Also, the present invention provides a rotary 

40 laser irradiating system as described above, wherein 
the objet reflector comprises reflection members for re- 
flecting the laser beam, the main unit comprising a pho- 
todetection unit for receiving the laser beam reflected 
by the object reflector, and rotation of laser irradiation is 

45 stopped on the object reflector when the reflected laser 
beam is received at the photodetection unit. Further, the 
present invention provides a rotary laser irradiating sys- 
tem as described above, wherein the objet reflector 
comprises a light emitting element for emitting a light 

50 toward the deflecting means, and a modulation circuit 
for modulating the light beam from the light emitting el- 
ement and for synthesizing a data to be transmitted to 
the main unit. Also, the present invention provides a ro- 
tary laser irradiating system as described above, where- 

55 in the range-finding unit Is removably arranged with re- 
spect to the main unit. Further, the present invention pro- 
vides a rotary laser Irradiating system as described 
above, wherein the main unit comprises a light emission 
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control unit for modulating the laser beam from the light 
emitting unit, said light emission control unit modulates 
the laser beam based on a range-finding data from the 
range-finding unit and the range-finding data is trans- 
mitted according to the modulation. Also, the present in- 5 
vention provides a rotary laser irradiating system as de- 
scribed Love, wherein the main unit comprises focusing 
means and said focusing means focuses the laser beam 
on the object reflector based on the range-finding data. 
Further, the present Invention provides a rotary laser ir- io 
radiating system as described above, wherein a first po- 
sition and a second position designated by the object 
reflector are measured by the range-finding unit and the 
rotating position detecting means, and a distance from 
the first position to the second position is calculated ac- is 
cording to the measurement data. Also, the present in- 
vention provides a rotary laser irradiating system as de- 
scribed above, wherein the distance from the first posi- 
tion to the second position is displayed on the display 
unit of the object reflector. Further, the present invention 20 
provides a rotary laser irradiating system as described 
above, wherein there is provided a tilt sensor for detect- 
ing horizontality of a plane perpendicular to the rotation 
axis, and a distance from the first position to the second 
position is measured on the horizontal plane. 25 
[0006] If the main unit is installed in such manner that 
a rotation axis of the rotator will be In a horizontal direc- 
tion, a reference line with any desired tilt angle can be 
formed by setting the rotating position of the rotator 
based on the rotating position detecting means. At the so 
same time, distance can be measured, and the result of 
distance measurement can be transmitted to the photo- 
detection side via the range-finding light. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 

[0007] 

Fig. 1 1s a schematical drawing to show an arrange- 
ment of an essential portion of an embodiment of 40 
the present invention; 

Fig. 2 Is a block diagram showing an essential por- 
tion of the embodiment of the present invention; 
Fig. 3 is a front view of an object reflector to be used 
in the embodiment of the present invention; 45 
Fig. 4 is a cross-sectional elevation view of the ob- 
ject reflector; 

Fig. 5 is a rear view of the object reflector; 
Fig. 6 is a drawing to explain operation of the em- 
bodiment of the present invention; so 
Fig. 7 (A) and Fig. 7 (B) each represents a drawing 
to explain operation of the embodiment of the 
present invention; 

Fig. 8 is a drawing to explain operation of position- 
ing in a vertical direction; ss 
Fig. 9 Is a front view of another type of object reflec- 
tor; 

Fig. 10 shows patterns of photodetection signals 



from said another type of object reflector; and 
Fig. 11 is a drawing to represent modulation status- 
es of laser beam and range-finding light and status 
of photodetection signal of a photodetection unit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] Description will be given below on embodi- 
ments of the present invention referring to the attached 
drawings. 

[0009] Fig. 1 shows a rotary laser irradiating system 
1. The rotary laser irradiating system 1 comprises a 
main unit 2, a rotator 3 rotatably mounted on the main 
unit 2, and a range-finding unit 4 removably arranged 
on the main unit 2. On the main unit 2, there are provided 
a reference light emitting unit 5 for emitting a reference 
laser beam, a focusing optical system 6, a photodetec- 
tion unit 7, a tilt detecting unit 8, and a control unit 9 (to 
be described later). 

[001 0] First, the light emitting unit 5 will be described. 
[0011] With a beam splitter 1 0 positioned at the mid- 
dle, a first laser diode 1 1 for emitting a visible laser beam 

80 is disposed on one side. On the optical axis of the 
first laser diode 11 and between the first laser diode 11 
and the beam splitter 1 0, there are provided a collimator 
lens 1 2 for turning the laser beam to parallel beams and 
an anamorphic lens 13 for changing the light beam to 
have circular cross-section. On the other side of the 
beam splitter 10, i.e. on the side opposite to the first la- 
ser diode 11 with the beam splitter 10 at the middle, a 
second laser diode 14 for emitting a visible laser beam 

81 is disposed. On the optical axis of the second laser 
diode 14 and between the second laser diode 14 and 
the beam splitter 10, a collimator lens 15 is disposed. 
[0012] The beam splitter 10 reflects the laser beam 
80 from the first laser diode 11 and the laser beam 81 
from the second laser diode and allows to pass a range- 
finding light 82 from an LED 36 which Is to be described 
later. 

[001 3] The laser beam 80 from the first laser diode 1 1 
Is reflected by the beam splitter 10, and it passes 
through an aperture mirror 16 and is directed to the fo- 
cusing optical system 6. Lens groups of the focusing op- 
tical system 6 are arranged between the beam splitter 
10 and the rotator 3, and the laser beam 80 from the 
reference light emitting unit 5 reflected by the beam split- 
ter 1 0 is guided toward the rotator 3 in such manner that 
the laser beam is focused to the position of an object to 
be measured according to range-finding data from the 
range-finding unit 4. The laser beam 81 emitted from the 
second laser diode 14 is reflected by the beam splitter 
1 0 and is irradiated toward the opposite side of the laser 
beam 80. 

[0014] Now, description will be given on the rotator 3. 
[0015] A prism holder 18 is rotatably supported 
around the optical axis of the laser beam coming from 
the beam splitter 10. A pentagonal prism 19 is fixed on 
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the prism holder 18. The pentagonal prism 19 deflects 
a part 80a of the laser beam 80 from the reference light 
emitting unit 5 at an angle of 90"* , while it allows the 
remaining part 80b of the laser beam 80 to pass. A scan- 
ning gear 20 is fixed on the prism holder 1 8, and a driving 
gear 21 is engaged with the scanning gear 20. The driv- 
ing gear 21 Is driven and rotated by a scanning motor 
22. An encoder 23 for detecting rotation of the prism 
holder 18 (i.e. the pentagonal prism 19) is arranged on 
the prism holder 18. 

[0016] The photodetection unit 7 detects a reflection 
light when the laser beam 80a emitted from the pentag- 
onal prism 19 is reflected by the object reflector 51 and 
the reflection light enters the rotary laser irradiating sys- 
tem 1, and the light is received, which has passed 
through the pentagonal prism 19 and has been reflected 
by the aperture mirror 16. 

[001 7] The tilt detecting unit 8 comprises an X-axis tilt 
sensor 25, a Y-axis tilt sensor 26, and a Z-axis tilt sensor 
27 perpendiculariy running in each of three axes respec- 
tively. When a reflection optical axis of the beam splitter 
10 runs in a vertical direction, the X-axis and the Y-axIs 
form a horizontal plane, and the Z-axis and the X-axis 
form a vertical plane. The main unit 2 is designed in such 
structure that it can be installed at a position as it is ro- 
tated by an angle of 90° around an axis running in par- 
allel to the X-axis (preferably, the X-axis) from the posi- 
tion shown in Fig. 1 . When the main unit 2 is at a position 
rotated by an angle of 90° around an axis parallel to the 
X-axis (preferably, the X-axIs) from the position shown 
in Fig. 1 , the X-axis and the Y-axis form a vertical plane, 
and the Z-axis and the X-axis form a horizontal plane. 
[001 8] The X-axis tilt sensor 25 and the Y-axis tilt sen- 
sor 26 detect tilting of the rotary laser irradiating system 
1 at the position shown in Fig. 1 . The X-axis tilt sensor 
25 and the Z-axis tilt sensor 27 detect tilting of the rotary 
laser irradiating system 1 at a position rotated by an an- 
gle of 90° from the position shown in Fig. 1 . 
[0019] Next, description will be given on the range- 
finding unit 4. 

[0020] The range-finding unit 4 comprises a range- 
finding optical system 30 and a range-finding arithmetic 
unit 31 . First, the range-finding optical system 30 is de- 
scribed. 

[0021 ] On the reflection optical axis of the beam split- 
ter 1 0 and on the opposite side of the aperture mirror 1 6 
with the beam splitter 10 at the middle, a collimator lens 
32 and an aperture prism 33 are disposed. With the ap- 
erture prism 33 at the middle, a range-finding light emit- 
ting unit 34 is arranged on one side and a range-finding 
light photodetection unit 35 is disposed on the other 
side. When the laser beam 81 is not emitted, there is no 
need that the aperture prism 33 has an aperture. 
[0022] The range-finding light emitting unit 34 com- 
prises an LED 36 for emitting the range-finding light 82. 
The range-finding light 82 emitted from the LED 3c pass- 
es through a collimator lens 37 and an optical fiber 38 
and is projected toward the aperture prism 33. The 



range-finding light 82 irradiated from the optical fiber 38 
is turned to the range-finding light 82 and a reference 
light 82a by an optical path switching slit 41 . The range- 
finding light 82 is reflected by the aperture prism 33 and 
5 is turned to parallel beams by the collimator lens 32. Af- 
ter passing through the beam splitter 10 and the aper- 
ture mirror 16, the range-finding light 82 enters the pen- 
tagonal prism 19. A part of the range-finding light 82 is 
deflected at an angle of 90° by the pentagonal prism 1 9 
10 and is directed toward the object reflector 51, and the 
remainder of the light passes through the pentagonal 
prism 1 9. As the range-finding light 82, the light of invis- 
ible wavelength range is used so that an observer may 
not visually confuse it with the laser beam 80. 
15 [0023] After being irradiated from the optical fiber 38 
and being switched over from the range-finding light 82 
by the optical path switching slit 41, the reference light 
82a passes through a condenser lens 42 and enters the 
aperture prism 33. At the aperture prism 33, it is def lect- 
io ed at a predetermined angle and is reflected by internal 
reflection and passes through to the opposite side. The 
transmitted reference light 82a enters the range-finding 
light photodetection unit 35. 

[0024] The range-finding light photodetection unit 35 
comprises a band-pass filter 43 and a density filter 44, 
which are positioned on the opposite side of the optical 
path switching slit 41 with the aperture prism 33 at the 
middle. The range-finding laser beam passing through 
the band-pass filter 43 and the density filter 44 enters a 
rang-finding light photodetection element 49 via an op- 
tical fiber 46 and a condenser lens 48. 
[0025] The range-finding arithmetic unit 31 comprises 
a driver (not shown) for driving the LED 36 and calcu- 
lates a distance to the object reflector 51 based on a 
photodetection signal from the range-finding light pho- 
todetection element 49. 

[0026] Now, description will be given on the control 
unit 9, referring to Fig. 2. 

[0027] A signal from the encoder 23 Is inputted to the 
control unit 9, and signals from the photodetection unit 
7, the tilt sensor 8 and the range-finding arithmetic unit 
31 are also inputted. Based on a control signal from the 
control unit 9, the scanning motor 22 is driven by a motor 
driver 53. Drivers 54 and 55 are driven based on control 
signals from the control unit 9, and each of the first laser 
diode 11 and the second laser diode 14 is emitted. An 
operation unit 52 and a display unit 56 are connected to 
the control unit 9. From the operation unit 52, working 
instructions such as instruction for the setting of tilt angle 
for the reference line, instruction for starting and stop- 
ping of operation, etc. are inputted. Information on op- 
erating condition of the system or information to be sent 
to the object reflector 51 or information to be sent from 
the object reflector 51 is displayed on the display unit 56. 
[0028] Control operation of the control unit 9 may be 
divided to an operation for the main unit 2 of the rotary 
laser irradiating system 1 and to an operation for the 
range-finding unit 4, and one of them may be used as a 
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main control unit. By dividing the control operation in this 
manner, it is possible to separate the range-finding unit. 
[0029] Referring to Fig. 3 to Fig. 5, description will be 
given now on the object reflector 51 . 
[0030] An oblong hole 60 is formed on the object re- 
flector 51 . On the opposed surface of a case 61 , which 
has an inverted L-shaped cross-section, a light emitting 
element 62 and a photodetection element 63 are dis- 
posed. On the opposite side of the upper end of the case 
61. an inclined display unit 65 is arranged. Inside the 
case 61, a control base plate 64 is provided. The light 
emitting element 62 and the photodetection element 63 
are connected to the control base plate 64, and the dis- 
play unit 65 and an operation switch 66 are also con- 
nected. The control base plate 64 drives the light emit- 
ting element 62 to emit light or modulates the light from 
the light emitting element 62 in order to transmit infor- 
mation. The modulated light Is directed toward the main 
unit 2. Information signal synthesized by processing 
such as modulation from the range-finding light 82 (to 
be described later) as received at the photodetection el- 
ement 63 is separated and detected. The result of the 
detection is displayed on the display unit 65. Because 
the surface of the display unit 65 Is inclined, the content 
of display can be confirmed from any of horizontal or 
vertical direction. The operation switch 66 performs 
such operations as the setting of brightness of the dis- 
play, switching of the display, etc. 
[0031] In the oblong hole 60. a colored acrylic trans- 
parent plate 67 with diffusion effect is engaged. On the 
opposite side of the transparent plate 67, a reflection 
member 68a is attached. With the reflection member 
68a at the center, reflection members 68b and 68c are 
attached at symmetrical positions. At the center on the 
lower end of the case 61 . an indicator 69 is disposed by 
forming a V-shaped portion on It. It should be designed 
In such manner that, when this is used by pressing 
against the wall or the like, the display unit and the op- 
eration switch are positioned on one side. 
[0032] In the following, description will be given on op- 
eration. 

[0033] First, the setting of the horizontal reference 
plane and measurement of distance within the horizon- 
tal reference plane will be described. 
[0034] The rotary laser irradiating system 1 is installed 
at a predetermined horizontal position. The installed po- 
sition of the system is confirmed as follows: A part of the 
laser beam emitted from the first laser diode 11 passes 
through the pentagonal prism 1 9 and is turned to a laser 
beam 80b irradiating in a vertical direction. Further, the 
laser beam 81 emitted from the second laser diode 14 
passes through the aperture of the aperture prism 33 
and Is projected in a downward vertical direction. The 
position of the rotary laser Irradiating system 1 is deter- 
mined by the laser beam 80b and the laser beam 81 . 
[0035] Horizontal positioning of the rotary laser irradi- 
ating system 1 is carried out by the tilt detecting unit 8. 
Leveling is performed in such manner that the tilt detect- 



ed by the X-axis tilt sensor 25 and the Y-axis tilt sensor 
26 is tumed to zero, i.e. the horizontal plane is detected. 
Light is emitted from the first laser diode 1 1 via the driver 
54 and is deflected toward the horizontal direction by 

5 the pentagonal prism 1 9 and is irradiated. The scanning 
motor 22 is driven by the motor driver 53, and the pen- 
tagonal prism 19 is rotated via the driving gear 21 and 
the scanning gear 20. The laser beam 80a is irradiated 
by rotary irradiation, and a horizontal reference plane is 

10 formed. 

[0036] For marking operation, the object reflector 51 
is disposed near a predetermined position so that the 
laser beam 80a is projected to the reflection members 
68a, 68b and 68c by rotary scanning. By the reflection 

15 light from the reflection members 68a. 68b and 68c. the 
photodetection unit 7 recognizes the object reflector 51 . 
and the laser beam is directed toward the center of the 
object reflector 51 . i.e. the reflection member 68a, and 
Is stopped. Marking operation is performed by using the 

20 indicator 69, 

[0037] To measure the distance, the LED 36 is driven 
by the range-finding arithmetic unit 31 , and the range- 
finding light 82 is emitted. Under this condition, the laser 
beam 80 is emitted from the first laser diode 11. The 

25 object reflector 51 is Installed at a measuring point. The 
rotary laser irradiating system 1 recognizes the object 
reflector 51 positioned within the range of rotary irradi- 
ation and turns the rotator 3 toward the object reflector 
51 , and the rotator 3 Is stopped under this condition. It 

30 can be easily determined whether the laser beam 80a 
is projected to the object reflector 51 or not by visually 
checking the laser beam 80a, which has passed through 
the transparent plate 67 and diffused, from the rear side 
of the object reflector 51 . To improve visibility of the laser 

35 beam 80a, the rear surface of the transparent plate 67 
is designed as a recessed surface. Further, it can be 
judged whether or not the laser beam 80a is correctly 
projected to the predetermined position of the object re- 
flector 51 by confirming that the laser beam 80a reflect- 

40 ed by the reflection member 68 has been detected by 
the photodetection unit 7. 

[0038] When the laser beam 80a is correctly projected 
to the object reflector 51, the range-finding light 82 is 
reflected by the reflection members 68. Then, it passes 
through the pentagonal prism 19. the focusing optical 
system 6, and the aperture prism 33, and it enters the 
range-finding light photodetection unit 35. Upon enter- 
ing the range-finding light photodetection unit 35. light 
amount of the range-finding light 82 varies according to 

50 the measured distance. The range-finding light 82 con- 
tains external disturi^ance light. The external distur- 
bance light is removed by the band-pass filter 43 and is 
adjusted by the density filter 44 in such manner that it 
will have a constant light amount. 

55 [0039] The range-finding light 82 reflected by the ob- 
ject reflector 51 and the reference light 82a divided by 
the optical path switching slit 41 enter the range-finding 
light photodetection element 49. The photodetection 
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signal from the range-finding light photodetection ele- 
ment 49 contains signals by the range-finding light 82 
and the reference light 82a. The range-finding arithmetic 
unit 31 calculates the distance to the object reflector 51 
based on the two signals from the range-finding light 
photodetection element 49. The result of calculation Is 
displayed on the display unit 56, or the range-finding 
arithmetic unit 31 is placed under the control of the con- 
trol unit 9 and modulates the range-finding light 82 emit- 
ted from the LED 36. and information data is synthe- 
sized. 

[0040] The object reflector 51 receives the range-find- 
ing light 82 with synthesized information on the photo- 
detection element 63. The range-finding light 82 emitted 
from the LED 36 has a spreading angle. For this reason, 
light can be received sufficiently even when the photo- 
detection element 63 is at a position slightly deviated 
from the optical axis of the laser beam 80a. The infor- 
mation synthesized in the range-finding light 82 is de- 
tected by the control base plate 84, and it is displayed 
on the display unit 65. The information to be synthesized 
in the range-finding light 82 is not limited to range-find- 
ing data, but it includes working information necessary 
for the personnel working near the object reflector 51 , 
e.g. information on a direction to be corrected because 
the position of the object reflector 51 is not adequate. It 
is needless to say that information can also be synthe- 
sized by modulation of the laser beam 80. 
[0041] When the distance to the object reflector 51 
and an irradiating direction of the laser beam are detect- 
ed, positioning of other points can be performed one af- 
ter another using this position as a reference. Specifi- 
cally, the object reflector 51 is moved to the next point, 
and the distance to the object reflector 51 and an irradi- 
ating direction of the laser beam are detected by the 
same procedure as described above. Angular deviation 
of the irradiating direction of the laser beam caused by 
the moving of the object reflector 51 is detected by the 
encoder 23. From the result of detection and the dis- 
tance to two positions of the object reflector 51 , the dis- 
tance between the positions of the object reflector 51 
before and after moving Is calculated by the control unit 
9. That is, positioning of the object reflector 51 is per- 
formed. 

[0042] Next, description will be given on the case 
where a vertical reference plane and a tilt reference line 
are formed referring to Fig. 6 and Fig. 7. 
[0043] The rotary laser irradiating system 1 is rotated 
at an angle of 90° around X-axis as described above or 
around an axis running in parallel to X-axis, and it is 
placed at laid-down position. In this laid-down position, 
the Y-axis tilt sensor 26 is at a vertical position while the 
2-axis tilt sensor 27 Is at a horizontal position. There- 
fore, using a leveling apparatus of known type (not 
shown), leveling of the rotary laser irradiating system 1 
Is performed in such manner that the X-axis tilt sensor 
25 and the Z-axis tilt sensor 27 are positioned in a hor- 
izontal plane and tilting detected by the two sensors 25 



and 27 are turned to 0. When leveling is performed with 
the system at laid-down position, the laser beam is de- 
flected by the pentagonal prism 19. and the laser beam 
80a irradiated from the rotator 3 by rotary irradiation 
5 forms a vertical reference plane. 

[0044] Further, angular position of the pentagonal 
prism 19 is detected in advance by the encoder 23 so 
that the laser beam 80a deflected and irradiated by the 
pentagonal prism 19 runs in a horizontal direction. The 
10 result of detection is inputted to the control unit 9 by the 
operation unit 52. Therefore, when leveling is completed 
with the rotary laser irradiating system 1 in laid-down 
position, the angle of the Irradiated laser beam 80a is 
promptly identified according to an angle detection sig- 
15 nal from the encoder 23. When the irradiating angle of 
the laser beam 80a Is inputted by the operation unit 52 
and when the control unit 9 controls rotation of the scan- 
ning motor 22 via the motor driver 53 while monitoring 
the signal from the encoder 23, the irradiating angle of 
20 the laser beam 80a can be set. 

[0045] Positioning of the rotary laser irradiating sys- 
tem 1 at laid-down position can be carried out by the use 
of the following laser beams: the laser beam 80b pass- 
ing through the pentagonal prism 19, the laser beam 81 
25 passing through the aperture prism 33, and the laser 
beam 80a deflected and irradiated by the rotator 3. The 
laser beam 80a and the laser beam 80b are projected 
in the directions perpendicular to each other. The LED 
36 is driven, and the range-finding light 82 is emitted 
30 and the distance Is measured. 

[0046] As shown In Fig. 6, the object reflector 51 is 
moved while the laser beam 80a is projected to an ad- 
equate position of the reflection member 68. Irradiation 
position of the laser beam 80a to the object reflector 51 
35 is shifted up or down due to the factors such as undula- 
tion of the floor surface. Horizontal distance between the 
object reflector 51 and the main unit 2 is determined by 
the range-finding unit 4, and the result of measurement 
is displayed at real time on the display unit 65, There- 
to fore, at a position where the measured distance dis- 
played on the display unit 65 is turned to a predeter- 
mined value, marking operation Is perfomied using the 
indicator 69 (See Fig. 7 (A)). 

[0047] Next, when marking operation along the pre- 
45 determined reference line 83 has been completed and 
marking operation should be performed along a refer- 
ence line 84, which runs perpendiculariy to the refer- 
ence line 83, the rotary laser irradiating system 1 is ro- 
tated at an angle of 90* within the horizontal plane, and 
50 marking operation is performed by the same procedure 
as described above. As a result, marking operation 
along the reference line 84 can be carried out (See Fig. 
7(B)). 

[0048] In case no erroneous operation occurs even 
55 when the range-finding light is deflected and irradiated 
by the pentagonal prism 19 and it passes through the 
pentagonal prism 19, and yet no erroneous operation 
occurs, the object reflector 51 is moved to the reference 
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line 83 and the reference line 84 in Fig. 7 (B). Then, 
marking operation can be performed on the two refer- 
ence lines without changing position or posture of the 
main unit 2. 

[0049] In case it is desired to project the position 
marked on the floor surface to a ceiling surface, the ro- 
tary laser irradiating system 1 is set at normal position 
and an irradiating position of the laser beam 81 is 
aligned with the marking position of the floor surface. 
Then, the position where the laser beam 80b is project- 
ed to the ceiling surface will be the point of projection. 
[0050] Next, in case a tilt reference line is to be 
formed, leveling is performed with the system at laid- 
down position, and after positioning of the rotary laser 
irradiating system has been completed, a desired angle 
is set by the operation unit 52, The scanning motor 22 
is rotated via the motor driver 53 at an angle inputted by 
the operation unit 52. The pentagonal prism 1 9 is rotated 
by a desired angle via the driving gear 21 and the scan- 
ning gear 20, and a rotation angle is detected by the 
encoder 23. As a result, an accurate tilt reference line 
is formed. A tilt angle is determined by the rotation angle 
of the rotator 3. Because the rotator 3 can be rotated 
over total circumference, any angle from acute angle to 
obtuse angle can be set. 

[0051] The tilt reference line is used for such purposes 
as the setting of gradient in a staircase or the setting of 
gradient of inclined surface. Further, when distance 
measurement is performed with the tilt reference line 
thus formed, the distance along the tilt reference line 
can be measured, and this can be utilized for such op- 
eration as marking of the position of pillar on a handrail 
of staircase or installing a handrail on a wall surface fac- 
ing to an inclined surface. 

[0052] Next, positioning in a vertical direction of the 
system at laid-down position will be described referring 
to Fig. 8. 

[0053] As described above, a plurality of reflection 
members 68a, 68b and 68c are disposed on the front 
side of the object reflector 51 . When the laser beam is 
irradiated by rotary scanning and the photodetection 
unit 7 receives reflection light from the reflection mem- 
bers, the object reflector 51 is recognized. Then, the la- 
ser beam is projected to the center of the object reflector 
51 and scanning is stopped. If It is supposed that the 
position of the object reflector 51 in this case is A, a dis- 
tance to the position A and a direction of the position A 
are detected. Next, when the object reflector 51 is 
moved to a position B, the rotary laser irradiating system 
again irradiates laser beam by rotary scanning. The la- 
ser beam is projected to the center of the object reflector 
51 at the position B, and a distance and a direction are 
detected. 

[0054] The control unit 9 calculates a distance from 
the position A to the position B based on the rotation 
angle of the encoder 23 and the distance of the range- 
finding unit. Similarly, a distance from the position A to 
the position C is calculated, and the result of calculation 



is displayed on the display unit 65 of the object reflector 
51 . In this way, positioning in a vertical direction Is per- 
formed. 

[0055] A method for detecting a plurality of reflection 

5 surfaces of the object reflector 51 is described, for ex- 
ample, in JP-A-6-1 37870. That is, the laser beams re- 
flected from the three reflection members are received 
by the photodetection unit. Based on three pulses thus 
obtained and on the output of the encoder 23. the laser 

10 beam can be directed to the centra! position of the object 
reflector 51 . To change the distance from the position A 
to the distance from the position C, it is necessary to 
reset for once. The reset signal can be transmitted by 
the light beam emitted from the light emitting element 

IS 62 on the object reflector 5 1 to the rotary laser irradiating 
system 1 as to be described later. 
[0056] Description will be given now on other means 
for transmitting the signal from the object reflector 51 to 
the rotary laser irradiating system 1 referring to Fig. 9 

20 and Fig. 10. 

[0057] The rotary laser irradiating system 1 irradiates 
a polarized laser beam, and the photodetection unit 7 
comprises a polarization beam splitter, a first detecting 
unit and a second detecting unit, it is designed in such 

25 manner that the polarization beam splitter separates 
and splits laser beams having different polarization 
planes, and that the photodetection unit 7 receives the 
laser beams having different polarization planes thus 
split - separately by the first detecting unit and the sec- 

30 ond detecting unit. 

[0058] As shown in Fig, 9, on the opposed surface of 
the object reflector 51 and at positions other than the 
reflection members 68, a plurality of reflection patterns 
76 and 77 are formed, which comprise respectively a 

35 polarization converting section 74 having a reflection 
plate and a X /4 birefringence member attached on It 
and a polarization maintaining section 75 having only a 
reflection plate attached on it. 

[0059] The combination of the polarization converting 

40 section 74 and the polarization maintaining section 75 
is changed by varying the reflection pattern 76 and the 
reflection pattern 77, and photodetection signal from the 
photodetection unit 7 can be varied. For example, in the 
reflection pattern 76 shown in Fig. 9, one polarization 

45 converting section 74 and one polarization maintaining 
section 75 each having the same shape are arranged. 
When the reflection pattern 76 is scanned by the laser 
beam 80a or in case the object reflector 51 Is moved 
with respect to the laser beam 80a, the photodetection 

50 signal from the photodetection unit 7 will be as shown 
in Fig. 10 (A) . In the reflection pattern 77, two polariza- 
tion converting sections 74 and one polarization main- 
taining section 75 are arranged alternately When the 
reflection pattern 77s is relatively moved with respect to 

55 the laser beam 80a, the photodetection signal from the 
photodetection unit 7 will be as shown in Fig. 10 (B). 
[0060] If it is designed in such manner that the control 
unit 9 has a function to recognize the pattern and a pre- 
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determined control signal is issued in response to the 
pattern, it Is possible to transmit a command signal to 
the rotary laser Irradiating system 1 even when the ob- 
ject reflector 51 is not provided with a specific transmit- 
ting function. For example, in the pattern shown in Fig. 5 
10 (A), the rotary laser Irradiating system 1 Is set into a 
rotation mode. In the pattern shown in Fig, 10 (B), the 
rotary laser irradiating system 1 is set Into a range-find- 
ing mode. 

[0061 ] Various types of pattems can be conceived ac- io 
cording to the combination of the polarization converting 
section 74 and the polarization maintaining section 75. 
If a non-reflection section is provided on the boundary 
between the polarization converting section 74 and the 
polarization maintaining section 75, It is possible to ar- is 
range a polarization converting section 74 and another 
polarization converting section 74 at adjacent positions 
or to arrange a polarization maintaining section 75 and 
another polarization maintaining section 75 at adjacent 
positions, and this provides more diversified pattern. 20 
Therefore, it is possible to Increase the types of com- 
mands to be given from the object reflector 51 to the 
rotary laser irradiating system 1 . 
[0062] The range-finding unit 4 is removably arranged 
with respect to the main unit 2 and is unitized, and it can 25 
be easily mounted by fastening means such as bolt. The 
range-finding unit 4 and the main unit 2 are electrically 
connected by a connector (not shown) so that a power 
supply on the main unit 2 can be used to supply electric 
power to the range-finding unit 4, 30 
[0063] As described above, the range-finding light 
emitting unit 34, the range-finding light photodetection 
unit 35 and the range-finding arithmetic unit 31 are ar- 
ranged on the main unit 2, and the object reflector 51 
comprises the light emitting element 62, the photode- 35 
tection element 63 and the control base plate 64. As a 
result, mutual communication by modulated light can be 
achieved between the main unit 2 and the object reflec- 
tor 51. 

[0064] In the following, description will be given on 40 
mutual communication between the main unit 2 and the 
object reflector 51. 

[0065] By operating the operation switch 66 of the ob- 
ject reflector 51 , the control base plate 64 drives the light 
emitting element 62. e.g. an LED, and a light beam mod- 45 
ulated to a predetermined modulation frequency is emit- 
ted from the light emitting element 62. Oscillation fre- 
quency from the light emitting element 62 is designed 
to be closer or equal to that of the laser beam 80a. 
[0066] The light beam from the light emitting element so 
62 runs along the optical axis of the laser beam 80, and 
it passes through the pentagonal prism 19 and the ap- 
erture mln-or 16 and is received at the photodetection 
unit 7. Because oscillation frequency of the light emitting 
element 62 is equal to that of the laser beam 80a, the ss 
light reaches the photodetection unit 7, and not the 
range-finding light photodetection unit 35. Therefore, 
even when light Is emitted erroneously from the light 



emitting element 62 during range-finding operation, er- 
roneous range-finding operation can be prevented. 
[0067] During information communication, the laser 
beam reflected by the object reflector 51 and the light 
from the light emitting element 62 enter the photodetec- 
tion unit 7. In case the laser beam 80a is continuously 
emitted, the light beam from the light emitting element 
62 cannot be recognized unless the light amount from 
the light emitting element 62 is greater than the light 
amount of the laser beam 80a, For this reason, as 
shown in Fig. 11 , the first laser diode 11 Is oscillated in 
light emitting status modulated to duty 50% and 100 Hz, 
for example. For the light emitting element 62, it Is os- 
cillated at modulation frequency higher than the modu- 
lation frequency of the first laser diode 11 , e.g. modula- 
tion frequency of 1 kHz, 2 kHz, 

[0068] For the photodetection signal from the photo- 
detection unit 7, if the detection time of the photodetec- 
tion signal from the light emitting element 62 is set to 
the time when oscillation of the first laser diode 11 is 
turned off, the photodetection signal from the light emit- 
ting element 62 can be separated and identified from 
the laser beam 80a. 

[0069] Next, description will be given on the case 
where oscillation frequency of the light emitting element 
62 is made equal to that of the range-finding light 82. 
[0070] If it Is designed In such manner that there is an 
apparent difference between the modulation frequency 
of the light beam from the light emitting element 62 and 
the modulation frequency of the range-finding light 82 
and that there is provided a safety apparatus In which 
data cannot be transmitted from the object reflector 51 
unless transmission of range-finding data from the rota- 
ry laser irradiating system 1 has been completed, it is 
possible to receive the light beam from the light emitting 
element 62 at the range-finding light photodetection unit 
35 and to receive the data from the object reflector 51 . 
[0071] As the data to be transmitted from the object 
reflector 51 to the rotary laser Irradiating system 1 , there 
are instructions on angle setting of the tilt reference line 
In a range-finding mode, a rotary scanning mode of the 
laser beam 80a, or a stopping mode of the laser beam 
80a. Because the instruction can be set from the object 
reflector 51 to the rotary laser Irradiating system 1 , the 
operator can perform most of the works on the object 
reflector 51 side, and this contributes to the improve- 
ment of working efficiency. 

[0072] As described above, the range-finding unit 4 is 
removably arranged with respect to the main unit 2. 
When range-finding operation is not performed, the 
range-finding unit 4 may be removed, and it can be used 
only for forming the reference plane and the reference 
line. 

[0073] According to the present Invention, there is no 
need to provide a specific mechanism for the setting of 
a tilt reference plane. By setting the main unit in laid- 
down position, a tilt reference line with any desired angle 
can be easily set. Further, range-finding operation can 
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be performed at the same time. This makes it possible 
to extensively improve working efficiency and to perfomn 
information communication using the range-finding 
light. 



Claims 

1 . A rotary laser irradiating system, comprising a main 
unit, a rotator rotatably mounted on said main unit, 
and a range-finding unit disposed on said main unit, 
wherein said main unit comprises a light emitting 
unit for emitting a laser beam, optical means for di- 
recting said laser beam and a range-finding light 
from said range-finding unit toward said rotator, and 
tilt sensors for detecting horizontality and verticality 
of a rotation axis of said rotator, said rotator com- 
prises deflecting means for deflecting the laser 
beam and the range-finding light from said optical 
means and rotating position detecting means for 
detecting a rotating position of the rotator, and said 
rotating position detecting means being designed 
to project said laser beam and said range-finding 
light in a predetermined direction. 

2. A rotary laser irradiating system according to claim 
1 , wherein said tilt sensor comprises a tilt sensor for 
detecting horizontality of the rotation axis, and said 
rotating position detecting means being designed 
to project said laser beam and said range-finding 
light to a plane including said rotation axis. 

3. A rotary laser irradiating system according to claim 
1 or claim 2, wherein said deflecting means trans- 
mits a part of the laser beam and the range-finding 
light in parallel to the rotation axis of said rotator. 



6. A rotary laser irradiating system according to claim 
5, wherein said objet reflector comprises reflection 
members for reflecting the laser beam, said main 
unit comprising a photodetection unit for receiving 
5 the laser beam reflected by said object reflector, 
and rotation of laser irradiation is stopped on said 
object reflector when the reflected laser beam is re- 
ceived at the photodetection unit. 

10 7. A rotary laser irradiating system according to claim 
5 or claim 6, wherein said objet reflector comprises 
a light emitting element for emitting a light toward 
the deflecting means, and a modulation circuit for 
modulating the light beam from said light emitting 

15 element and for synthesizing a data to be transmit- 
ted to the main unit. 

8. A rotary laser irradiating system according to any 
one of the preceding claims, wherein said range- 

20 finding unit is removably arranged with respect to 
the main unit. 

9. A rotary laser irradiating system according to any 
one of the preceding claims, wherein said main unit 

25 comprises a light emission control unit for modulat- 
ing the laser beam from said light emitting unit, said 
light emission control unit modulates the laser beam 
based on a range-finding data from said range-find- 
ing unit and the range-finding data is transmitted ac- 
30 cording to the modulation. 

10. A rotary laser irradiating system according to any 
one of the preceding claims, wherein said main unit 
comprises focusing means and said focusing 

35 means focuses the laser beam on the object reflec- 
tor based on the range-finding data. 
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4. A rotary laser irradiating system according to any 
one of claims 1 to 3, wherein said range-finding unit 
comprises means for modulating the range-finding 40 
light and synthesizes a range-finding data by mod- 
ulating said range-finding light and transmits said 
data. 

5. A rotary laser irradiating system according to any 45 
one of the preceding claims, wherein there is further 
provided an object reflector, the laser beam emitted 
from said light emitting unit is a visible light, said 
object reflector comprises diffusion means for dif- 
fusing said laser beam from said deflection means 50 
to visually confirm the laser beam, photodetecting 
means for receiving the range-finding light from said 
deflecting means, reflection members for reflecting 
said range-finding light, a photodetection circuit for 
detecting a range-finding data from the range-find- 55 
ing light based on a signal from said photodetecting 
means, and a display unit for displaying said range- 
finding data. 



11. A rotary laser irradiating system according to any 
one of the preceding claims, wherein a first position 
and a second position designated by said object re- 
flector are measured by said range-finding unit and 
said rotating position detecting means, and a dis- 
tance from the first position to the second position 
is calculated according to the measurement data. 

12. A rotary laser irradiating system according to claim 
11, wherein the distance from the first position to 
the second position is displayed on the display unit 
of the object reflector. 

13. A rotary laser irradiating system according to claim 
11 or 12, wherein there is provided a tilt sensor for 
detecting horizontality of a plane perpendicular to 
the rotation axis, and a distance from the first posi- 
tion to the second position is measured on the hor- 
izontal plane. 

14. A rotary laser irradiating system, comprising a main 
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unit, a rotator rotatably mounted on said main unit, 
and a range-finding unit disposed on said main unit, 
wherein said main unit comprises a light emitter for 
emitting a laser beam, optical means for directing 
said laser beam and a range-finding light from said s 
range-finding unit toward said rotator, the rotator 
being operable to deflect the laser beam and the 
range-finding lights, and tilt sensors for detecting 
horizontality and/or verticality of a rotation axis of 
said rotator. 10 
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G. 1 0 (A) 

SIGNAL ON POLARIZATION MAINTAINING SIDE 
SIGNAL ON POLARIZATION CONVERTING SIDE 



G. 1 0 (B) 



SIGNAL ON POLARIZATION MAINTAINING SIDE 
SIGNAL ON POLARIZATION CONVERTING SIDE 
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